Introduction
Climate change scenarios predict an air temperature increase and atmospheric precipitation change in the future. Water from precipitation penetrates through the vegetation cover and the soil surface into the soil zone. Here it is accumulated, stored and redistributed into the lower soil layers, and eventually recharges groundwater, or is supplied from groundwater by capillary rise. Part of this water can contribute to the subsurface runoff. It is therefore likely, that climate change will influence both, the soil water storage and the soil water regime.
The basic method of the soil water content data assessment is the systematic measuring (monitoring) of the defined soil layer thickness water content. However, up to the present no systematic soil water content (soil water storage) monitoring systems exist over the territory of Slovakia. Such monitoring systems did not exist in the past either. Therefore, there was no monitored soil water con-tent data available that could be used to predict future soil the water storage changes, by extrapolation of soil water content time series. However, soil water content can be calculated by the application of simulation models or by application of the water balance equation of particular soil layer. This makes possible to quantify the climate change impacts on the soil water storage using the above mentioned climate change scenarios of the mean monthly air temperature and precipitation changes. For the territory of Slovakia climate change scenarios were prepared for the time horizons of 2010 , 2030 , and 2075 (Lapin et al., 1995 , using the global circulation models CCCM, GISS, and GFD3. For the adaptation of these scenarios to the site conditions, time series of the observed meteorological elements from a reference period between 1951 and 1980 have been used.
Soil water content of the particular soil layer during the vegetation period, is determined by the family of meteorological, soil, groundwater and canopy data. Using the simple soil water balance model, monthly totals of precipitation, calculated evapotranspiration and subsurface outflow can be used to calculate soil water storage for particular soil layer (Tomlain, 1994 (Tomlain, , 1997 : Hrvoľ and Tomlain (1992) . The model input parameters are: mean monthly data on the air temperature, cloudiness, water vapour pressure, number of days with snowcover and on precipitation. Monthly water storage values were calculated for the upper 100 cm soil layer. For these calculations, neither the soil type, nor the groundwater table level were taken into account. In the above mentioned study (Hrvoľ and Tomlain, 2007) , there were presented calculated monthly average soil water storages for Hurbanovo site, but retrospectively for the period from 1951 to 2005. The Hurbanovo climatological station data were used in his this study. However, similarly to the previous studies, no attention has been paid to the impacts of the soil properties and of the groundwater table level on soil water storage. Due to the lack of soil water content data in this region, it was not possible to verify the applied methodologies. Since the year 2008, a soil water content monitoring system has been established in three sites of the Hurbanovo region. The sites differ in the soil properties and in the groundwater table depth. These sites are under particular attention of climatologists, because of the longest observation period of the meteorological elements in Central Europe at the Hurbanovo meteorological station.
The aim of this study is to compare monitored soil water storage in the upper 100 cm soil layer, with those modeled by Hrvoľ and Tomlain (2007) , and thus to verify the possibilty to apply simple soil water balance equation to assess the influence of climate changes on soil water storage at three different sites near Hurbanovo, for the season 2010.
Soils and sites
The method, used in this study for assessing the water storage in the unsaturated soil zone is based on direct soil water content measurements. Hurbanovo area was choosen because of its climatological station one of the oldest in Central Europe with continuous observations of the meteorological elements. On the Great Danube Lowland (where Hurbanovo is located), seven soil types can be found, as classified by their particle size composition. Sandy-loamy and loamy soils cover 66% while sandy clays cover 23 % of the area. The rest 11 % are sandy soils, loamy sands, clayey loams and clays. The physical, hydrophysical, physicochemical and biological properties of these soils can be evaulated using information on soil texture. Soil water content monitoring has been organized on three sites around the Hurbanovo municipality in a monthly frequency. Measurements were performed by the gravimetric method using samples, taken from the surface up to 130 cm depth in 10 cm resolution.
Three soil water content monitoring sites were selected:
Site 1 None of the last two sites (site 2 and 3) has a gravel subsoil, delineating the groundwater table from the upper soil layers and thus eventually blocking the capillary rise to the soil layer.
Groundwater table around Hurbanovo area is under a strong influence of the water level changes in the nearby Danube and Váh rivers. Groundwater table depth at the site 1, is fluctuating within depths of 6-7 m below soil surface, at site 2 groundwater table depth is oscillating around 4m and at site 3 in the depth interval 2.5-3 meters below the soil surface in average. The monitoring sites 2 and 3 were selected, taking into consideration the groundwater tables depths and their possible influence on the soil water content in the upper, one meter soil layer.
Differentiation of groundwater table in combination with the various soil types presents a possibility to evalute the unsaturated soil zone water storage dynamics and its possible interaction with the groundwater table below.
Results and discussion
In the vegetation period of 2008, 2009 and partially 2010 the soil water content dynamic was measured at the three sites nearby Hurbanovo using the gravimetric method. From the measured soil water content data, the soil water storage W p was calculated for the soil upper, 100 cm soil layer.
These monitored W p values for the sites near Hurbanovo were compared with those predicted by Tomlain (1997) using the CCCM, GISS and GFD3 scenarios for the Hurbanovo area, both for the season 2010. Results are presented in Fig. 1 .
Mean water storage values of the upper 100 cm soil layer for March, April, and May are shown in Fig. 2 , from the study by Hrvoľ and Tomlain (2007) presenting the long-term (1951 to 2005) soil water content trends for Hurbanovo, together with the monitored W p for the summer season from 2008 to 2010 in the same soil layer at the three above mentioned sites.
From the results presented (Figs. 1, 2) it can be seen significant -even more than 200% -differences between measured and simulated soil water storages. Especially during autumn months, the differences between measured and calculated soil water storages are about 150 mm of water layer in the upper 1 meter soil layer.
Comparing the upper 100 cm soil layer water storage monitoring results on the three sites nearby a Hurbanovo for years 2008, 2009 and 2010 it can be shown, that in the upper, 100 cm soil layer the water storage depends on the soil properties and on the the groundwater table level too. The results indicated, that the soil water regime at sites 2 and 3 was strongly influenced by the groundwater table level below the soil surface, due to the continuous capillary rise, thus increasing the soil water content and soil water storage in the soil profile as well. In such a case, when groundwater is interacting with the upper soil layer, simple water balance model expressed by the Eq. (1) cannot be applied.
The monitored and modelled soil water storage values of the upper 100 cm soil layer were close at site 1 only. The groundwater table depth below soil surface at that site was always at the minimum depth 6 m, therefore the soil water content at the upper 1 meter soil layer at this site is not influenced by the groundwater fluctuations, the Eq. (1), which was the base for the model approach of Hrvoľ and Tomlain (1992) , can be applied.
Evaluation of the mean water storage values calculated by the modell for the months of March, April, and May of the 1951-2005 period (Fig. 2) indicates, that this case is similar to that of the predicted results for the 2010 season. An agreement between the monitored and modelled soil water storage values could be found at site 1 only. At the other sites, the modelled and monitored data differs significantly.
Continuation of monitoring in the future is of a great importance. It is the source of basic data needed to validate the predictive methods. The monitoring results will extend our knowledge about the climate change impacts on the unsaturated soil zone water storage changes. It will also give an opportunity to investigate the possible model applications for predicting the climate change effects on soil water regime. There is possible to use modern electromagnetic methods, giving reliable results and allowing continuous record of soil water content (Loiskandl et al., 2010) . 
Conclusion
In this study, the evaluation of the soil water storage in the upper 100-cm soil layer is based on soil water content measurement since 2008. Soil water content monitoring is being carried out at the three sites of the Hurbanovo area. These three sites differ in soil properties and groundwater table level depths with different impact on the upper soil layer water content. Fair agreement between the monitored and modelled water storage -by the soil water balance equation -in the upper one meter soil layer was found only at site 1, where the groundwater has no influence on soil water regime and Eq.
(1) can be applied. It can be concluded, that the model offered by Hrvoľ and Tomlain (1992) to forecast changes in the soil water storage cannot be used for sites 2 and 3, where the groundwater inter-acts with the upper soil layer. This model neither reflects the groundwater table, nor the soil characteristics influence on soil water content and results are unrealistic.
For predicting the climate change impacts on the soil water regime it is especially important to take into consideration the main influencing factors fo this regime. Otherwise, misleading results can be obtained.
